Mutants of Pseudomonas putida (Agg-) that lack the ability to agglutinate with components present in washes of bean and cucumber roots showed limited potential to protect cucumber plants against Fusarium oxysporum f. sp. cucumerinum. However, a higher level of protection was observed against Fusarium wilt in cucumber plants coinoculated with the parental bacterium (Agg+), which was agglutinable. The Agg-mutants did not colonize the roots of cucumber plants as extensively as the Agg+ parental isolate did. In competition experiments involving bean roots inoculated with a mixture of Agg+ and Agg-bacteria, the Agg+ strains colonized roots to a greater extent than the Agg-cells did. These data suggest that the Agg+ phenotype provides additional interactions that aid in the beneficial character of P. putida.
Fluorescent species of pseudomonads including Pseludomonas piitida have been correlated with the suppression of certain fungal pathogens in alkaline soils. These pathogens include wilt-causing Fuisariulm species and the take-all fungus Gaei,nannomyces graminis (5, 7, 9, 11, 18, 19) . Two mechanisms of suppression have been proposed. One mechanism depends on production by the pseudomonads of siderophores which have a higher chelation efficiency for iron than siderophores produced by fungal pathogens. The iron deficiency that results in the pathogen is presumed to reduce its pathogenic potential (6) . The second proposal is that the bacteria produce antibiotics effective against the pathogen (20, 21) . The production of siderophores and antibiotics requires adequate nutrition for the pseudomonads (7) . In the field, association of the pseudomonads with plant root surfaces may provide a constant and appropriate nutrient supply to the bacteria. Thus, properties of the bacteria involved in colonization of the root surfaces are an integral part of the suppressive phenomenon.
We have demonstrated that an interaction between P. pitida and a plant glycoprotein complex may play a role in the colonization process. This glycoprotein, or agglutinin, caused agglutination of isolates of P. piutida and P. flluorescens (1) . The agglutinin is present in the rhizosphere and on the root surface (1, 4, 13) . Mutants of P. puitida that lacked agglutinability (Agg-) were isolated by chemical and transposon mutagenesis (3). The Agg-mutants had a reduced capacity compared with Agg+ cells to bind to bean roots in a short-term 15-min binding study. In a long-term colonization study, using bean seedlings that had developed from P. putida-inoculated seeds, the Agg-mutants colonized the root surface, although at reduced levels when compared with the parent (3) . These relationships between surface binding, colonization, and agglutinability of P. putida raise questions about the behavior of the Agg-mutants in disease suppres (17) . Stem segments were placed onto Komada medium, which was used as a selective growth medium for F. oxysporurn (17) . Intact plant roots were immersed in 10 ml of sterile distilled water and agitated on a vortex mixer for 1 min. Samples of the wash were withdrawn and plated onto King medium B agar containing nalidixic acid and rifampin (50 pg/ml) to select for parental P. putida and EMS-derived mutants. Rifampin, nalidixic acid, and neomycin (50 p.g/ml) were used to select for Tn5-derived mutants. Cell numbers were counted after incubation of the plates at 20°C for 3 days.
Extraction of agglutinin from cucumber roots. Cucumber seed, cultivar Straight Eight, was surface sterilized as described above and grown in vermiculite under greenhouse conditions. Intact plants were teased from the growth medium, and the roots (100 g) were immersed into 100 ml of water. After gentle agitation on a shaker at 100 rpm for 15 min, the root wash obtained was centrifuged at 10,000 x g for 10 min and lyophilized. The powder obtained was resuspended in sterile distilled water (10 ml), centrifuged at 10,000 x g for 10 min to remove insoluble material, and dialyzed against distilled water. The protein and carbohydrate concentrations were determined by colorimetric procedures (1). Agglutinin activity was assayed by preparing a serial dilution of the dialyzed extract. The dilutions were amended with MgCl2 (10-' M), and 108 cells of Agg+ P. putida (Nalr Rif)
were added. The degree of agglutination was assessed visually after the mixture was shaken at 100 rpm for 15 min at 220C.
Colonization studies. Competition for colonization between Agg+ and TnS-derived Agg-cells was examined by using roots of sterile-grown bean seedlings. Bean seeds were surface sterilized with 10% sodium hypochlorite and washed thoroughly in sterile distilled water. Each seed was transferred to a tube containing sterilized vermiculite (30 ml) and water (25 ml). The seeds were inoculated with 3 ml of a mixture of 103 CFU of Agg+ parental cells and 103 CFU of Agg-mutant cells. The tubes were capped, and the cultures were grown for 8 days at 26°C. The seedlings were removed, and vermiculite was dislodged from the root surface. Each root was immersed sequentially into a series of 10 tubes containing 10 ml of distilled water and agitated on a vortex mixer for 1 min. After the 10th water wash, the root was transferred to 10 ml of 0.05 M EDTA (pH 6.5) and agitated on a vortex mixer for 1 min; 0.1 ml of 10-' M MgCl2 was added immediately. Samples (0.1 ml) of each dilution were plated onto King medium B agar containing nalidixic acid to permit growth of Agg-and Agg+ cells. King medium B agar containing nalidixic acid, rifampin, and neomycin was used to select for growth of Tn5-derived Agg-mutant cells. Plates were incubated for 3 days at 200C, and the cell number was determined.
Determination of ability of P. putida Agg+ and Agg-isolates to utilize iron. The ability of the pseudomonad isolates to utilize iron was examined by a protocol modified from that of Xu and Gross (20) . Plates were prepared containing minimal medium (4) amended with EDDHA (ethylenediamine di-ohydroxy phenylacetic acid) at concentrations of 0, 100, 200, 500, 1,000, and 2,000 pg/ml. Droplets of 10 p.l of parental P. putida Agg+ and TnS-and EMS-derived Agg-mutants obtained from overnight cultures grown on minimal medium (4) were applied to the agar surface. Growth of the inoculum at 20°C was monitored through a 5-day period. oxysporum and Agg-mutants was greater (83 ± 25%) than the weight of plants inoculated with only the pathogen, but was only slightly higher (10 ± 1%) than the weight of control plants (Table 1) . Similar data were observed in two other experiments with these mutants.
RESULTS
Colonization potential of Agg-mutants. Examination of the roots of cucumbers grown in raw field soil without added inoculum revealed that they were normally colonized with fluorescent pseudomonads and a white bacterium. These bacteria were not resistant to nalidixic acid and rifampin. Addition of P. putida (Nalr Rif) inoculum to raw soil resulted in the isolation of nalidixic acid-and rifampinresistant cells from the root surfaces of these plants ( Roots from 30-day-old cucumbers were washed with water by gentle agitation for 15 min. Samples of the washings were plated onto King medium B agar containing nalidixic acid and rifampin to select for P. pitidai Agg+ cells as well as EMS-derived mutants 1202 and 1236. Nalidixic acid. rifampin, and neomycin were used for Tn5-derived mutants 4312 and 5123. Cell numbers were determined after incubation of the plates at 20°C for 3 days. Data are the means ± standard error determined from three experiments each of three roots.
2). These cells displayed an Agg+ phenotype. Inoculation with F. oxysporuim together with parental P. puitida reduced the extent of colonization by P. piutida (Table 2 ). Both the TnS-and the EMS-derived Agg-mutants colonized the roots, but these levels were lower compared with colonization levels of the parental type ( Table 2 ). The colonization levels of the Agg-mutants were not reduced consistently upon coinoculation with F. oxysporlum ( Table 2) . Analysis of bacteria released from roots of 30-day-old cucumber plants inoculated with Agg-mutants revealed that the bacteria had retained the Agg-phenotype.
The reduced potential of the Agg-mutants to colonize the roots of cucumbers grown in raw field soil compared with the colonization potential of the Agg+ isolates raised the ques- (Table 3) .
Because P. piutida isolates colonized cucumber root surfaces, we determined whether cucumber roots possessed agglutinin activity. Cucumber root washes caused agglutination of the Agg+ parental cells, and the agglutinin activity eluted in the void fractions of a Sepharose 6B column ( Table  4) . The high-molecular-weight components from cucumber (14, 16) .
Examination of the cucumber roots revealed that they were colonized by P. putida (Nalr Rif) at levels of 9 x 106 (range, 5 x 106 to 13 x 106) CFU/g of root. This level is comparable to data from studies of other P. putida and P. fluorescens isolates and to our previous examination of colonization by the Corvallis isolate on hydroponically grown beans (2, 8, 12) . Detection of an agglutinin in cucumber root washes raises the possibility of interaction of this component and P. putida in colonization of cucumber roots. The properties of the cucumber agglutinin are similar to those of the bean root preparation in that the active component eluted in the high-molecular-weight fraction from a Sepharose 6B gel filtration column (1) . Also, the cucumber preparation did not agglutinate the Agg-mutants, which were selected for their phenotype by using the bean root wash. 
